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UTERINE ARTERY CONSTRICTION IN PREGNANCY AND
EXPERIMENTAL HYPERTENSION: A CONCEPT, A TECHNIQUE
C. PAUL HODGKINSON, M.D.* AND A. A. HODARI, M.D.*

This paper presents a preliminary report on the concept and technique of an
experiment to test the relationship of chronic uterine ischemia to the development of
arterial hypertension during pregnancy. In rationale, the experiment was modeled
after the Goldblatt experiment' in which arterial hypertension followed the induction
of renal ischemia by application of constricting clamps to the renal arteries. It was
reasoned that similar results might follow if uterine ischemia were induced during
pregnancy.
The technique differed from that of Goldblatt in that initially the bands
placed around the uterine arteries did not constrict the vessels. Rather, it was conceived
that if snug-fitting, but nonconstricting, bands were placed around the uterine arteries
before the onset of pregnancy, the bands would become constrictive during pregnancy
because the uterine arteries would be unable to undergo normal gestational hypertrophy.
With the caliber of the uterine arteries fixed, the blood needs of the gravid uterus
would be increasingly impaired as pregnancy progressed. Finally, under these conditions uterine ischemia would be relative, proportional to the duration of pregnancy,
and self-limited.
Technique. Female mongrel dogs of about 35 pounds were used. Under sodium
nembutal-ether anesthesia, the uterus was exposed through a lower median abdominal
incision. With the bladder empty, the short uterine body, the diverging uterine horns,
the Fallopian tubes, and the ovarian bursae were exposed. In the dog, the blood
supply to the uterus comes from the bilateral uterine arteries branching from the
internal iliac arteries and from the small descending branches of the ovarian arteries
which arise directly from the aorta^ (Fig. 1). Each ascending uterine artery anastomoses by inosculation with the descending branch of the ovarian artery just inferior
to the ovarian bursa (Fig. 2).
For the practical purposes of the experiment, this arterial architecture was ideal.
The caudal ends of the uterine arteries were easily exposed as they ascended between
the layers of the broad ligament about 1 cm lateral to the short uterine body. By
'Department of Gynecology and Obstetrics.
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Figure 1
Ovarian Arteries, Ovaries, and Uterus of Bitch.2
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Descending Branch of Ovarian Artery — Site of hgation indicated. Modified from Miller.'
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Figure 3
Relationship of Uterine Ar:-:ries and Uterus. Sites for placement of teflon bands indicated. Modified
from Miller.2
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blunt dissection, the artery was easily detached from adjacent veins and the segment
of uterine artery extending between the emergence of the descending caudal vesical
branch and the first arcuate uterine branch was freed (Fig. 3). In the dog, as in
the human, the utero-ovarian artery per se never enters the uterus directly. The
segment of uterine artery between the caudal vesical and first arcuate branches was
both anatomically and physiologically an excellent site for placement of the band
because, at this level, the uterine artery has no branches and because the first arcuate
uterine branch is well below the point of divergence of the uterine horns. Therefore,
placing the bands caudal to the first arcuate uterine branches prevented the development of effective collateral circulation to the fetus-bearing areas of the uterus during
pregnancy. The outside diameter of the uterine artery in this area was about 2.0 mm.
Segments measuring iVz to 2 cm of No. 10 and No. 8 hard teflon cardiac
catheter, with inside diameters of 3.00 and 3.92 mm, respectively, were used for
arterial bands. A longitudinal cut opened the catheter segment and permitted its
placement around each uterine artery. Two ties of fine stainless steel wire were
used to hold the band intact. Care was taken not to place the band too tightly
around the artery. It was tested for excessive tightness by making certain that
arterial pulsation could be palpated distally and that the band could be slipped freely
up and down over the artery.
In the next step, the descending branch of the ovarian artery was identified
as it crossed laterally, ventral to the Fallopian tube, to inosculate with the terminal
end of the uterine artery. This tiny branch of the ovarian artery was cut and ligated
bilaterally. In dogs, the gestation sacs implant only in the uterine horns. With the
ovarian arteries ligated, all blood supplying the uterus must come through the banded
uterine arteries. Thus, uterine ischemia as it developed during pregnancy was mainly
confined to the fetus-bearing areas of the uterine horns leaving the blood supply to
the ovaries and to the short uterine body largely undisturbed.
The final step in the procedure was to record directly the median arterial
pressure by needle puncture of the femoral artery using a " U " type mercury manometer with an inside diameter of 1 mm.
Results:
The first artery bands were placed in three dogs in late 1963. After the animals
recovered from the operation, they were sent to the kennel to be bred. One dog
became pregnant but two were apparently sterile. The pregnant animal was returned
to the laboratory at about three weeks gestation. Arterial blood pressure was recorded
at about weekly intervals by direct femoral artery puncture with the dog under hght
sodium nembutal anesthesia.
Prior to pregnancy in this animal, the blood pressure on two occasions was
recorded at 90 mm mercury. During pregnancy, the following blood pressure values
were recorded: three weeks gestation, 110 mm mercury; four weeks, 110; five weeks,
115; seven weeks, 120; eight weeks, 125; nine weeks, 125 mm mercury. Four weeks
postpartum, the blood pressure was 80 mm mercury.
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After eight months, the two sterile animals were sacrificed and, in each, the
uterine arteries had been converted into avascular ribrous cords. Apparently thrombosis and subsequent fibrosis had resulted from the bands being too tight.
Encouraged by these results, this study has been expanded into a full-scale
research project (A.A.H.), the details of which will be published later. However,
it can be stated that the results noted above have been consistently duplicated in each
of 12 dogs which have, to date, become pregnant after placement of the bands.
Control studies in nonbanded dogs have showed no increase in arterial pressure
during pregnancy. The mean arterial pressure in dogs during nonpregnancy is about
90 mm mercury. The average increase in arterial pressure in pregnancy near the
time of full-term gestation in the banded dogs has been about 40 mm mercury above
the nonpregnant pressure: an increase of about 45%. In addition, proteinuria and
hypernatremia have been observed to develop in the banded pregnant dogs. A l l three
of these findings reverted to prepregnant values within four weeks following delivery.
Comment; Although chronic uterine ischemia has been postulated for many years
as etiologic of hypertension in toxemia of pregnancy, reversible hypertension in
pregnancy has not been experimentally produced. A l l previously reported experiments
are of an acute, nonsurviving type and none has produced an experimental state
which simulates the insidious hypertension usually observed in human preeclampsia.
However, several have reported the development of acute hypertension when the
blood supply to the pregnant uterus was suddenly compromised. Ogden, Hildebrand,
and Page^ in 1940 noted hypertension in pregnant dogs when the aorta below the
level of the renal arteries was partially occluded. In dogs whose pregnant uterus was
previously removed, and in nonpregnant dogs, similar results were not obtained. Van
Bouwdijk Bastiaanse and Mastboom" in 1949 obtained hypertension in pregnant dogs
after partial occlusion of the uterine arteries. In five of ten dogs operated on in the
last 10 days of pregnancy Kumar= in 1962 noted transitory proteinuria in addition to
hypertension following constriction of the uterine arteries; one of Kumar's dogs
survived for three days. Berger and Cavanagh' in 1963 using pregnant rabbits reported
hypertension following digital compression of the placental sites and following the
placement of "Z" sutures in the retroplacental areas. These authors claimed that a
humoral hypertension factor was derived from the placenta.
The design of the currently reported uterine artery band experiment circumvents
most of the objections inherent in the acute experiments. First, the uterine artery
band experiment is truly a test of chronic uterine ischemia. Second, with the animals
not operated upon during pregnancy, the experimental contaminating influences of
acute surgical trauma are eliminated. Third, with the pathologic effects of the uterine
artery bands operative only during pregnancy, the degree of uterine ischemia may
be equated more directly with the augmented uterine hemodynamics of gestation.
Fourth, with this experimental design, the entire spectrum of toxemia-like changes
may be repeatedly observed from the beginning to the end of pregnancy. Fifth, the
prepregnant, the pregnant, and the postpregnant states may be compared in the
same animal.
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Although the results of the uterine artery band experiment have been most encouraging, at this time generalizations are not possible and the ultimate value of
this experimental model in reproducing the true pathologic deviations of human
preeclampsia needs to be critically appraised. However, it is permissible, and obligatory, to point out certain biologic and technical deficiencies of the experiment
which need to be standardized, refined, and further explored.
If the results obtained in the banded experimental animals are to bear clinical
rationalization, the experiment must be standardized. To collect data on the influence
of uterine ischemia on fetal size, pedigreed animals (both male and female) of
relatively uniform size, weight, and birth habits must be used. Accurate records need
to be kept on both normal and experimental animals listing the male, the litter
number, and the aggregate and individual weights of the pups and the placentas.
Because dogs eat the placentas, delivery should be by cesarean section on a precise
day of gestation. The diet should be accurately calculated and during pregnancy at
specific intervals, the weight, the arterial pressure, the plasma electrolytes, and the
urinalysis should be recorded.
Certainly the experiment needs to be refined. Two of the first three dogs were
lost because the bands were placed too tightly over the uterine arteries. Instruments
need to be fashioned to permit placing the bands with less trauma.. More accurate
knowledge is necessary concerning the actual normal increase in size of the uterine
arteries during pregnancy. With the use of flowmeters, more sophisticated information
can be secured on the augmented flow of blood through the uterine arteries during
pregnancy. Current knowledge of the increased volume of blood needed by the
pregnant uterus is vague. Barcroft and Rothschild' determined that blood volume
in the uterus of rabbits increased from the nonpregnant value of 2 cc to 32 cc just
before delivery. Hodgkinson' from measurement of the utero-ovarian veins, estimated
that the volume of blood flowing through the veins at 36 weeks gestation was increased
66 times over the nonpregnant flow. If this experiment is to have quantitative value,
accurate knowledge must be accumulated regarding the amount of uterine artery constriction which produces a predictable degree of hypertension.
However, if the experiment continues to prove vahd as a means of producing
experimental preeclampsia, new areas of research may be opened both in the fields
of toxemia of pregnancy and hypertension. With a standardized procedure for producing predictable hypertension in pregnancy, research on the specific hypertensive
agent, or agents, may be more fruitful. I f renin or some other hypertensive enzyme
is produced, perhaps the sites of production can be identified. It is exciting to
speculate whether the fetal kidney is stimulated to produce renin in the uterine
ischemia experiment as is the adult kidney to produce renin in renal ischemia. The
fetus-in-utero is popularly regarded as a living parasite which has first priority on
the circulating blood nutriments and that, should a deficiency develop, the fetal
tissues will continue to develop normally while the maternal tissues will starve.
Barcroft,' in citing defects in this theory, quoted Hammond who suggested that
competition for circulating nutriments was determined in favor of the tissue which
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had the highest metabolic activity; in pregnancy this is the fetus. Dieckmann"
agreed with Page that hypertension in preeclampsia was probably a compensatory
mechanism to insure a more adequate blood flow to the tissues. In the hydrodynamics
of fluid-flow, the major physical variants are head pressure, caliber of the conduit,
and peripheral resistance. In general, in normal pregnancy blood pressure remains
unchanged, peripheral resistance is reduced, and the caMber of the arteries supplying
the uterus is increased. In the uterine artery band experiment, with the cahber of
the uterine arteries fixed, the other sources of blood supply to the uterus cut off,
and the peripheral resistance probably reduced as in normal pregnancy, the only
remaining means to increase uterine blood flow is through an increase in arterial
pressure. It is most intriguing to indulge in fancy and speculate that, during pregnancy,
the control of the maternal blood pressure is vested in the developing fetus.

CONCLUSIONS

1. An experimental model is outlined which gives promise of being a predictable
means for producing chronic uterine ischemia during pregnancy.
2. Under the conditions of the experiment, progressive arterial hypertension has
consistently developed.
3. Some possible potentialities of the experiment as a research tool are discussed.
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